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Abstract 
The rewntly iiitrocliictd concept of tlie Measured Eq iation of Invariance 
(blE1) [l, 2. 31 is used t,o solve t.lic- problenl of radiatio:] and scattering by 
flat surfaces. Becausr on flat surfaws tlir electric currents are confined to two 
dimensions, a sinil)lc vector potmt.ial formulation can be used. The problem 
of radiation and scattrring by rectaiigiilar strip dipoles is !,olved. including the 
transversal variation of the currtmt arrosq the dipole widt.11. Also of interest 
arr tlie curreiits indured (111 antennas with step variation: in widt.h, and with 
hencl, and T-junctioiis. 
The NE1 is ; t i1  quatioii  tliat caii be used to terminate ,L Finite Difference (FD)  
iiiesli arbitrarily close to tlie object of interest. avoiding the use of absorbing bouiid- 
ary conditions, n.hic1i rcyiiire tlie inesh to extend beyond tlie region of interest, with 
aii increase in roniputation time aid storage memory. 
Tlie iiiexli u s t ~ l  to solve a brrip diliolc- i.; 21 1ertangula.r mi sh which estends only a 
few cells (typirdly f! to 4 )  iii each dirwtioii. The points of this mesh fall into three 
rategorics: e x t e r m  pointx or poiuts on tlw iiiesh boundary. points on the surface of 
the dipole. and iiiterioi points not on tlie surface of tlie dipole. For each category a 
different type of FD eqiiation will be used. The uiikiiowii i: cliosen to be the vector 
potential .i defincvl a s  #.'"'' = d x d ( p  factored in for simpiicity). If the flat surface 
is parallel to the ,t'y plaiie. only .AJ aiid d, need to be conL;idered, and their values 
at each mesli point a r c  tlw u~ikno~viis of tlie FD problem. Since two unknowns are 
associntpd with (wcli n i ( 4  point t w o  eqiiatioiis need to he written also. 
For tlie interior points not on t l iu  metal surface, tlie stai dard FD approximation 
of the wave eqiiatioii is i i s 4  for pncli of tlic, two potentials 
, I  = . r .  !) ("2 t k , t )  .1,1 = I1 (1) 
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For the poiiits on the metal surface, the condition that ESct = -Etnc is used, 
yielding the equations 
This equa.tions caii easily be put in FD form. Special care needs to be taken a t  the 
edge of the flat surface. For the component of the vector potential that is parallel 
t o  the edge. a slight varia.tion of the above equations needs to be used, and for the 
normal component, we use the fact that the normal current vanishes a t  the edge 
(see [4] for more details). 
Finally, for the points at the mesh boundaries, we write an equation of the form 
N- l  
.4&l -t 1 (', ' -A,{, = 0 rl = .U, 9 ( 4) 
j =  I 
where Ad" is the value of the vector potential at the b o u n d ~ y  point and Ad, are the 
values a t  the N -- 1 neiglthoring points (X may be 4,  5. 01 G depending 011 whether 
the point is 011 a side. ail t4ge, or a roritcr of the mesh,. The coefficients c, are 
calculated to inake Eqn. 1 a least square error fit for the h l  potentials (which we 
call measuring fiinction.~) 
where .J;, J ;  arc two sets of linearly independent currenti, which we call metrons. 
For a rectangular plate of length I and width ut. these metrons are 
])La 713 (my - 1)ay 
J y l y ( . T ,  y )  = 4111 ___ 15 m, 5 M, 1s my 5 My ( 6 )  
1 5 my 5 ~4~ (7)  
1 cv5 W 
( r7zz - . sin J y m = n ' q X , y )  = CO5 1 5 ma 5 M,  
I W 
Figure 1 shows the longi tudid  current on a strip dipole of length and width 
I = 1 8 . 5 ~  = 1.42X. when fed off-center a t  1 / 4 ,  and the input admittance of a center- 
fed thin strip dipole. Figure 2 shows the currents in the two directions when the 
twisted dipole is fed at the center. Both the longitudinal and transversal variations 
of the currents are obtained. as well as a clear picture of how the currents behave 
lieax the 90 degree bend. Figure 3 shows the monostatic radar cross section of a 
square plate of side n, coinparcd to the ineasurements reported in [GI. 
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Figure 1. Current on an off-renter fed stlip dipole antenna with 1 = 1 8 . 5 ~  = 1.42X, 
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Figure 2: Currelit3 on a twisted dipole. for X = In (vertical wrreiit on the left, and 
liorizoiital current on tlir riglit J .  
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Figure 3: I\Iono\t;itic rad;iI C ~ O S ~  scsctioii vs. frequenry for :I square plate of side a ,  
for normal iiic.idcnte. c.ompared to tlw measurements reportt,d in [GI (the cdculatioii 
is for a zero-tliicli~iehs plate. and the iiieawrenieiits are for a plate of tliickiiess 
0 00012 iX) .  
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